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Abstract 
Freudenberg Sealing Technologies has developed a new concept for the manufacture 
of diaphragm accumulators. Its advantages are a reduced need for components, fewer 
process steps, shorter assembly times, a higher level of product cleanliness, and an 
expansion of the product portfolio into additional fields of application. These diaphragm 
accumulators also weigh significantly less. This is opening up new opportunities for 
applications in the automotive and industrial fields. The assembly concept is based on 
a hermetically sealed pressure chamber in which the joining of the two housing halves 
with the help electromagnetic pulse technology (EMPT) as well as the filling of the gas 
side with nitrogen takes place in a single operation. In this way, downstream filling to 
generate the initial gas charge is no longer necessary. 
KEYWORDS: Accumulator technology, diaphragm accumulator, multilayer 
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1. Introduction 
Among other purposes, nitrogen-filled diaphragm accumulators are used as pressure 
and volume compensators, pulsation dampers and energy storage units. They consist 
of a gas and a liquid sphere, separated by a diaphragm. Some typical applications as 
energy storage involve its use in the hydraulic circuits of automatic transmissions and 
control oil supply system units. If the pressure rises in the oil circuit, the diaphragm 
accumulator absorbs the liquid. In the process, the gas is compressed and the 
pressure rises. If the pressure in the hydraulic system falls again, the gas expands and 
forces the stored liquid back into the oil circuit.  
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 Figure 1: Principle of the diaphragm accumulator in the discharged and charged state 
/1/ 
A diaphragm accumulator is thus the ideal solution to cover peak needs, which for 
example occur when a gear is activated in automatic transmissions. It allows oil pumps 
and propulsive electric motors to be designed for average energy consumption, making 
them smaller and thus considerably more economical. That in turn makes a substantial 
contribution to lower fuel use and the reduction of CO2 emissions.  
2. Motivation for the new design and assembly concept 
The technology of the diaphragm accumulator has more than proven itself in the 
automotive and industrial fields. But disadvantages run counter to the above-mentioned 
advantages. They largely relate to the way diaphragm accumulators have been 
manufactured to this point. The pressure hull usually consists of two deep-drawn 
housing halves that are usually welded, that is, joined by the substance-to- substance 
jointing process. The two connections on the pressure hull for the liquid and the gas 
are also welded on. A  defined filling of the accumulator with nitrogen takes place after 
assembly to adjust its specific initial gas charge. Other required processes involve 
corrosion protection by painting.  
The disadvantages of the current process include its numerous production steps and 
the multitude of required parts. This makes diaphragm accumulators considerably 
"overdeveloped" for standard applications, especially those with low system pressures. 
This results in costs that are higher than necessary, especially when volumes are 
increasing. A further negative factor is the product's high weight due to the materials 
used to this point, such as steel, and the components that are required. In addition, this 
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limits a potential expansion of the product line into new fields in the automotive and 
industrial areas.  
This was motivation enough for Freudenberg Sealing Technologies to develop a new 
concept for the production of diaphragm accumulators. It employs a hermetically 
sealed pressure chamber in which both the joining of the two aluminum housing halves 
with the help of electromagnetic pulse technology (EMPT), and the filling of the gas 
side with nitrogen occurs in a single step. A downstream stage in the process is 
therefore no longer necessary to generate the initial gas charge.  
The advantages of the new production technology are fewer process steps, a reduced 
need for components, shorter assembly times with higher process quality, and a higher 
level of product cleanliness. There are also new opportunities for further applications in 
the automotive and industrial areas. If you compare the new assembly concept with the 
previous production of diaphragm accumulators in detail, the situation becomes even 
clearer: the elimination of three welding processes, no gas filling unit, no additional 
clamping ring for the diaphragm attachment, the elimination of a downstream filling 
process, and no painting. 
3. Electromagnetic pulse technology 
Freudenberg Sealing Technologies decision to utilize electromagnetic pulse technology 
for the assembly of diaphragm accumulators is based on the high stability of the 
process and the quality of substance-to-substance jointing process, aside from 
reducing the number of process steps. The process also produces higher component 
cleanliness.  
Electromagnetic pulse technology is based on the contact-less forming of electrically 
conductive materials by using powerful magnetic fields. One of the best-known 
applications is the forming of tubes. It can be used to compress or expand them. But 
joining and cutting are possible as well. Furthermore, there is the possibility of 
processing non-rotationally symmetrical cross-sections. The equipment for 
electromagnetic forming consists of a pulse generator, a coil and a field shaper. Pulsed 
currents up to 1,000 kA are necessary to achieve the magnetic pressures required for 
the forming of metallic materials. 
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 Figure 2: Current flow curve for joining process 
They are produced by a pulse generator that mainly consists of a capacitor and coil, 
that is, an oscillating circuit. The coil, which has conductor cross-sections ranging from 
10 to several hundred square millimeters, is constructed of one or several windings 
with a high-strength, conductive material.  
 
 
Figure  3: Principle of electromagnetic pulse forming /2/ 
The technology is physically based on the fact that two parallel, current-carrying 
conductors repel each other if the current flows oppose one another. If an electrically 
conductive workpiece with a closed cross-section (tube) is located inside a coil, an 
electric current in a contrary direction to the coil current is induced as a result of the 
penetrating magnetic field. In this way, every current-bearing volume element of the 
tube exerts an inward-directed force that is perpendicular to the longitudinal axis. If it is 
greater than the flow limit of the material, the plastic reforming begins and the diameter 
of the tube is reduced. This occurs within 10 to 200 microseconds, depending on the 
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energy and the material. The resulting force represents a "magnetic pressure" that acts 
upon the surface of the material. The force can reach a magnitude of several hundred 
megapascals. With this magnetic pressure, the field strength on the outer edge of the 
tube wall decreases geometrically and is thus a relevant factor. To put it another way, 
the smaller the distance to the coil, the greater the field strength on the edge of the 
tube.  
A field shaper is frequently used to increase the magnetic pressure. It is a cylindrical, 
longitudinally slit body consisting of a conductive material and fills the space between 
the coil and the workpiece as optimally as possible. Its main task is to concentrate the 
magnetic field on the area to be transformed. This is achieved with a special geometry 
that influences the current density and thus changes the field strength between the field 
shaper and the workpiece. A positive ancillary effect of the field shaper is the 
equipment's increased flexibility. The reason: At little expense, the user can use an 
existing coil to process other tube diameters or material geometries by using field 
shapers of various sizes. The magnetic pressure can also be improved with highly 
conductive materials and a high frequency.  
4. The use of EMP technology for diaphragm accumulators 
The arrangement described here with an exterior coil is not merely used to compress a 
workpiece but also to join two workpieces. Thus homogeneous and disparate materials 
can be bonded to one another. The joining is possible with form-fitting, friction-locking 
or welding methods, depending on the requirements and the conductivity of the two 
materials. In the case of welding joining, thanks to powerful magnetic pressures, the 
atoms of the two joining pieces approach one another to the point that an exchange of 
electrons results, producing an extremely stable, gas-tight welding. This is precisely 
what Freudenberg Sealing Technologies employs in the production of its new 
diaphragm accumulators. The upper and lower shells of the diaphragm accumulator's 
pressure chamber are joined using a welding process. The process takes place within 
a hermetically sealed pressure chamber where the magnetic coil is located. 
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 Figure 4: Pressure chamber with integrated magnetic coil 
The elimination of process steps is a key advantage of electromagnetic pulse forming 
technology for the production of diaphragm accumulators: The joining process and the 
filling of the accumulator take place in a single process step. The number of individual 
components is also reduced. 
5. Simulation 
FEM simulations are carried out in advance to facilitate the design of the diaphragm 
accumulator. That is because there are many parameters affecting the efforts to 
achieve optimal performance in welding of the upper and lower shells. They primarily 
involve the geometry and the material of the two housing halves, current flow, 
component speed, and the arrangement of the field shaper and coil.  
One of the main goals is to determine the optimal joint geometry based on wall 
thickness, material and resilience in light of the maximum working pressure that can be 
applied. This also includes simulations to determine the shell geometries that the 
joining permits without deformation and the stability that is achieved after forming at 
high interior pressures.  
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 Figure 5: FEM simulation joining area 
Furthermore, there was an investigation into the respective speeds of the components 
accelerated with the EMPT process to draw conclusions about the weld quality for 
different process parameters. Here the influence of the current flow on the magnetic 
pressure and thus the strength of the bond  played a major role. 
 
Figure 6: Simulated impact velocity vs. collision angle 
 Another important point involves the rolling behavior of the outer shell and the inner 
shell during the forming process. It not only shows how the joint is proceeding. It also 
demonstrates that a high forming speed produces a pressure wave in front of the 
contact point or joining point, removing dirt and separated particles from the area. This 
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reduces the number of defects and also contributes to an extremely stable joining 
process. 
 
 
Figure 7: Functioning electromagnetic pulse welding /2/ 
 
6. Validation 
The goal of validation is to determine or verify the optimal mix of process parameters, 
wall thicknesses and geometries. Test series were run on all the versions using a 
statistical DOE, or design of experiments. 
 
 
Figure 8: Example main effects diagram statistical design of experiments 
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In the first test series, the quality of the welding process was investigated with peel 
tests and micrographs of the joining points. 
 
 
Figure 9: Peel test joining point 
If these results were satisfactory, the respective static bursting pressures of the 
individual prototype configurations were determined. If a combination made it through 
this test series with positive results, the dynamic behavior of the prototype under 
interior pressure was tested.  
After a likewise positive result, the diaphragm accumulator configurations were 
checked for their functional behavior in a life test. In this test series, the 
electromagnetic pulse forming allowed very good replicability thanks to its 
controllability.  
 
 
Figure 10: Micrograph joining point 
The mechanical tests of the diaphragm accumulator mainly include pressure testing; 
for example, the measurement of the deformation under a pressure load without filling 
gas. In this case, the diaphragm accumulator is charged with a rising pressure (1 bar/s) 
using a hydraulic fluid (the EOL test is the basis). The measurement focuses on the 
expansion of the accumulator's height and diameter until bursting pressure is achieved. 
A cyclical pressure load at 5 Hz is applied to test dynamic strength. The test result is 
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based on the number of cycles until failure. More than 2 million cycles were achieved. 
The operation of the burst test is similar to the test for deformation, except that the rise 
in pressure is 3 bar/s. It takes place both after the dynamic strength test and with "new" 
diaphragm accumulators. The values measured for the burst pressure are correspond 
to the requirements and the simulation. 
 
 
Figure 11: Example - failure image in static burst test 
The functional tests take into account the tests of pressure losses in the initial charging 
at various pressures and temperatures as well as the measurement of any potential 
leakage due to permeation during the test timeframe. The testing involves a diaphragm 
with a specific material combination as well as a multilayer diaphragm with an interior 
plastic sheet to improve its gas permeation behavior. The findings show that the gas 
permeation is in the calculated range and that the diaphragm's new attachment 
methods on the lower housing half have no impact on the system's lifespan.  
To additionally test load capacity at varying temperatures, the diaphragm accumulator 
is constantly exposed to changing temperatures at varying pressure profiles. The 
measured parameters are the pressure of the initial gas charging and the number of 
cycles until failure. For the testing of the static seal and the permeability of the 
diaphragm, the diaphragm accumulator is charged with a differential pressure at a 
differential temperature of 80°C. In each case, a new pressure measurement is taken 
after 100 hours. 
To investigate the effect of corrosion on the joining point, a test is carried out in a salt 
spray chamber in accordance with  ISO 9227 (previously 50021 SS)  over a time period 
of at least 240 hours with subsequent test series on the static and dynamic strength of 
the joining point. The new diaphragm accumulators also survived this without damage. 
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7. Applications 
The uses of diaphragm accumulators are diverse. There are a number of areas of 
application in the automotive field alone. For example, they include energy storage in 
double-clutch and automatic transmissions.  
 
Figure 12: Dual clutch transmission as example of an application /3/ 
The typical applications in the chassis include active roll stabilization, energy storage in 
hydropneumatic suspensions, pulsation damping, and hydraulic systems for chassis 
damping. Hydraulic accumulators are also used in brake systems. The applications 
range from pulsation damping to energy storage in hybrid vehicles.  
 
Another example of an application would be as energy storage in hydraulic control oil 
supply systems. This involves valve combinations that reduce volume flow and system 
pressure in medium- and high-pressure equipment and thus pilot control devices.  
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Figure 13: Prototype diaphragm accumulator 
 Among other things, the diaphragm accumulator enables greater switching capacity 
and, when required, emergency switching in the event of a shut-down or defective main 
supply circuit. 
8. Summary 
The new design and assembly concept for diaphragm accumulators is essentially a 
response to the previous disadvantages, such as the numerous process steps and the 
multitude of required parts. Especially with rising volumes and applications with low 
system pressures, this leads to higher costs than are necessary.  Another concern is 
the high weight of the material, which is steel. The new assembly concept, which 
entails the joining of the two housing halves as well as the filling of the gas side with 
nitrogen in a single step, significantly reduces the number of process steps and 
required components. The low weight also opens up new fields of application. 
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